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1. Overview

Eastern Kansas contains three main metropolitan areas: Kansas City, Wichita, and
Topeka. East of Wichita are the Flint Hills, a region of rolling grassland stretching from north of
Topeka southward to the Oklahoma border. In April 2011, smoke from numerous fires in the
Flint Hills and from other large fires in Texas and Mexico impacted air quality in Kansas
metropolitan areas. Fires in the Flint Hills were particularly extensive on April 6, 12, and
13. The smoke that was transported downwind from the fires on these days contributed to
ozone formation' and exceedance of the National Ambient Air Quality Standard (NAAQS) for
8-hour ozone at several air quality monitors. On April 29, smoke was transported northward into
Kansas from several large fires in Texas and Mexico, contributing to ozone formation and
exceedance of the NAAQS for 8-hour ozone at air quality monitors in the Wichita area.

The purpose of this report is to provide evidence that the daily peak 8-hour average
ozone concentrations in exceedance of the NAAQS on April 6, 12, 13, and 29, 2011, were the
result of smoke generated by fires in areas upwind of the monitors where the exceedances
occurred. The NAAQS for 8-hour ozone concentration is 0.075 ppm; 8-hour ozone
concentrations above 0.075 ppm are above the standard. This document demonstrates that the
8-hour ozone concentrations above 0.075 ppm meet the requirements for having been
influenced by an exceptional event as stated in the U.S. Environmental Protection Agency’s
(EPA) Exceptional Events Rule (72 FR 13560, March 22, 2007).

Table 1-1 shows the specific dates, monitors, and 8-hour ozone concentrations above
0.075 ppm that were reported in Kansas in April 2011. The locations of these monitors, and
other nearby air quality and meteorological monitors, are shown in Figures 1-1 and 1-2. Please
note that all times shown in this report are in 24-hour format and in Central Standard Time
(CST).

Table 1-1. Kansas monitors with 8-hour ozone concentrations exceeding 0.075 ppm in

April 2011.

Mine Creek 201070002 April 6 0.076
Peck 201910002 April 6 0.082
Wichita Health 201730010 | April 6 0.079
Dept.

KNI-Topeka 201770013 April 12 0.084
Konza Prairie 201619991 April 12 0.078
Konza Prairie 201619991 April 13 0.079
Peck 201910002 April 29 0.077
Sedgwick 201730018 April 29 0.082

! Smoke from biomass burning contains volatile organic compounds (VOCs) and nitrogen oxides (NOy), which react
to form ozone.
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Monitor Types

* 8-hr Ozone Exceedance
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Figure 1-2. Wichita area air quality and nearby meteorological monitoring sites.
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1.1 Exceptional Event Definition and Demonstration Criteria

The Exceptional Events Rule is defined in 40 CFR 850.1(j) as an event that
o affects air quality;
e is not reasonably controllable or preventable; and

e is caused by human activity that is unlikely to recur at a particular location or is a natural
event.

As specified in 40 CFR 50.14(c)(3)(iv), to justify the exclusion of air quality data from
NAAQS determination, the following must be demonstrated:

1. the event was not reasonably preventable;

2. there was a clear, causal relationship between the 8-hour ozone concentrations at the
impacted monitors and the specified event;

3. the measured values were in excess of normal historical fluctuations; and

4. no exceedance would have occurred but for the event.

40 CFR Part 50.14(b)(3) grants EPA the authority to exclude data from use in
determination of exceedances and NAAQS violations provided that emissions from prescribed
fires meets 40 CFR Part 50.1 (j), if the State has ensured that the burner employed basic smoke
management practices. In addition, as stated in the Exceptional Events Rule, “Consistent with
historical practice governed by guidance contained in the Interim Air Quality Policy on Wildland
and Prescribed Fires..., EPA approval of exceedances linked to a prescribed fire used for
resource management purpose is contingent on the State to certify that it has adopted and is
implementing a Smoke Management Program (SMP?) as described in that policy.” The SMP
should address the following elements:

¢ Notification
KDHE addressed this issue in the SMP and a brief discussion is included in this
document in Section 1.2.1

e Education
KDHE addressed this issue in the SMP and a brief discussion is included in this
document in Section 1.2.2

e Dispersion
KDHE addressed this issue in the SMP and a brief discussion is included in this
document in Section 1.2.3

e Mitigation
KDHE addressed this issue in the SMP and a brief discussion is included in this
document in Section 1.2.4

% The Flint Hills Smoke Management Plan can be downloaded at http://www.ksfire.org/~/doc4661.ashx.
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1.2 Flint Hills Smoke Management Plan

The Kansas Department of Health and Environment (KDHE), with the assistance of
numerous stakeholders, developed the Kansas Flint Hills Smoke Management Plan in 2010 and
it was formally adopted by the KDHE in December of 2010. The actual beginning of the process
that has led to the development of this plan began in the fall of 2003, when KDHE staff
presented information regarding the effects of the Flint Hills burning on ozone levels to
agricultural interests at a conference at Kansas State University (KSU). KSU range
management researchers, KSU Research and Extension, the Kansas Department of
Agriculture, the Kansas Livestock Assaociation, and other agricultural interests were all present
at the meeting. With the help of the organizations present, KDHE planned to take an initial
voluntary/educational approach to addressing the issue. KDHE continued to engage the
agricultural community on this issue in the following years and after a second episode in April
2009, in which the smoke from the burning in the Flint Hills contributed to exceedances of the
ozone standard in Kansas City and Wichita, KDHE and the agricultural community agreed that a
more formal plan to address this issue needed to be developed.

In early 2010, after several informal meetings and hearings by the Senate Natural
Resources Committee on this issue, a formal Flint Hills Smoke Management Advisory
Committee was formed to begin the task of developing a Smoke Management Plan (SMP) for
the Flint Hills. This committee was co-chaired by Senator Carolyn McGinn, Representative Tom
Moxley and the Director of the Division of the Environment at KDHE, John Mitchell, and
included a wide range of stakeholders including the Kansas Department of Agriculture, Kansas
Fire Marshal, Kansas Division of Emergency Management, Kansas Forest Service, Kansas
State University, City of Wichita, Johnson County, Natural Resources Conservation Service,
Kansas Livestock Association, Kansas Farm Bureau, Tallgrass Legacy Alliance/ Greenwood
County Extension, The Nature Conservancy, American Lung Association (Wichita), Kansas
Prescribed Fire Council/KS Grazing Lands Coalition, Sierra Club, Kansas State Firefighters
Association, Kansas Emergency Managers Association, Audubon of Kansas and the Kansas
Forage and Grasslands Council.

The first large meeting of the group occurred in April 2010 and at that time the advisory
committee formed a smaller subcommittee that was tasked to write the Flint Hills SMP. This
subcommittee met several times during the late spring and early summer and developed
several draft concepts of items to be included in the SMP. These ideas and a draft outline of the
SMP were then presented at a second meeting of the SMP Advisory Committee in August.
Additional meetings and conference calls of the subcommittee addressed remaining issues and
the full draft of the Flint Hills SMP was presented to the Advisory Committee at its third meeting
in November. The final meeting occurred in mid-December and included an invitation to the
general public to comment on the Flint Hills SMP and its implementation. The plan that has
been developed represents a positive first step towards reducing the impacts of Flint Hills
burning on air quality in downwind areas. The plan includes contingency measures to be
evaluated for potential adoption in the event that further actions are needed. The plan was first
implemented in the spring of 2011. This plan was developed to assist in mitigating the effects of
the prescribed burns in the Flint Hills to downwind metropolitan areas.
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1.2.1 Notification

Beginning in 2009, KDHE began issuing a yearly general “Air Quality Health Advisory” in
March before the main burning of the Flint Hills begins. This advisory to the general public
informs them of the important reasons for burning in the Flint Hills and of the potential health
impacts that could be expected if these smoke plumes enter their areas. KDHE staff also
monitors burning conditions throughout the months of March and April and beginning in 2010, if
conditions are favorable for significant rangeland burning, a specific health advisory for the
following days is issued (see Appendix A). In addition, private land managers in many Flint
Hills Counties are required by their county or voluntarily notify their local authorities before they
burn and the location of that burn. As part of the Flint Hills SMP, nine counties participated in a
pilot program in which the land managers called into their local agency and reported when and
how many acres they anticipated they were going to burn that day, followed later by an
additional call where they reported actual burned acreage.

1.2.2 Education

In order to effectively implement the Kansas Flint Hills Smoke Management Plan, a
coherent program of outreach, education, and public notification was conducted. Kansas State
University Agricultural Extension Service and many others have taken extensive measures to
ensure that the basic smoke management practices described in detail in the plan are followed
through education and outreach efforts to farmers and ranchers using prescribed burning as a
management practice. The plan was also the driving force for creation of a website
(www.ksfire.org), hosted by KSU Extension, which has extensive educational materials and a
modeling tool to allow land managers to determine if meteorological conditions are good for
dispersing smoke from fires they are planning. Land managers, agencies, trade associations,
and non-profit organizations with a stake in prescribed fire in Kansas used the resources they
had available to promote adoption and implementation of the Kansas Smoke Management Plan.
Information to be included in outreach and education activities include: the impacts of smoke
from prescribed fires and the necessity of a plan; the Plan itself; explanation of how the plan is
anticipated to work; the responsibilities of entities and individuals in implementing the plan; the
process by which the Plan will be evaluated and modified as necessary; the reasons for
prescribed fire, with emphasis on the necessity of prescribed fire for maintaining the ecological
integrity of native rangelands; and actions taken by municipalities to protect citizens’ health and
attain air quality standards.

1.2.3 Dispersion

Chapter Three of the Flint Hills SMP was dedicated to discussing ways and tools that the
Flint Hills land managers could use to limit the effects the smoke from their fires had on
downwind locations. These fire management practices (FMPs) were a key tool used in the SMP
and form the foundation of a good smoke plan. These FMPs ranged from basic questions that
the land manager should ask him or herself before burning like “Should | burn this Year?” and
“Are there alternatives to burning?” to “When should | burn?” If there were no alternatives to
burning, then several burn practices were discussed in the SMP to reduce the impacts on air
quality. These included existing air quality on day of proposed burn, transport winds, mixing
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height, timing of burn, ignition and burn techniques, relative humidity, fuel moisture and air
temperature. A check list of recommended parameters for good smoke dispersion was
developed and shared with the land managers. Another large component of this section of the
SMP was the development of a modeling tool on the ksfire.org website that would allow quick
determination by the land manager as to whether their fire and other fires in their particular
county would have a detrimental effect on downwind air quality monitors. The tool would allow
them to make informed decisions about whether to continue with their planned burn or perhaps
if conditions warranted, postponing that burn in order to not affect a downwind monitor.

1.2.4 Mitigation

Finally, evaluation of the effectiveness of the SMP is a key component of ensuring the
plan is having the intended goal of reducing the adverse air quality impacts associated with
burning in the Flint Hills. It is important to recognize that since the Flint Hills SMP was only
adopted in December of 2010 and only three months of implementation were available before
the 2011 burn season, KDHE was challenged to implement many of the necessary tools and
important education materials concerning the plan. Evaluation of the plan will be ongoing with
input from all stakeholders, including land managers, EPA, environmental groups etc. If the
technical evaluation demonstrates that Flint Hills burning caused or significantly contributed to a
violation of either air quality standard, KDHE will convene a meeting or series of meetings to
determine appropriate contingency measures to implement to help maintain the NAAQS. As the
plan is evaluated and improved with modifications, contingency measures can be implemented
that will help further reduce impacts of burning on air quality.

At the end of the 2011 season, the SMP subcommittee held a meeting to discuss the
plan and its implementation during the spring of 2011. The committee discussed the just
concluded burn season and improvements and actions needed in 2012. Discussions centered
on the challenges to implement the plan in 2011 because the plan was only adopted in
December of 2010. This short timeframe from adoption to implementation challenged KDHE
and it’s partners to allow the information in the plan to be fully explained and implemented by all
ranchers in the Flint Hills. It was agreed by the subcommittee that this process will take some
time to reach all those concerned and for the ranchers to make informed decisions on the
impact of their burns. The following describes the action items that participants in the Flint Hills
Smoke Management Plan identified as priorities for the 2012 burn season. The following
education and outreach tasks have been identified:

1. Education and outreach for county commissioners.
a. Goal: increase the awareness of the issues involved in the SMP and the role that
the county commissioners and their staffs can play in the plan implementation.
b. Present at Kansas Association of Counties Meeting, November 13-15, 2011.
c. KDHE District Environmental Administrators will meet with county commissioners
prior to burn season to build awareness of plan and its implementation.
2. Education and outreach for counties and emergency management staff.
a. Goal: increase number of dispatchers/fire dept. staff who encourage those calling
in for permission to burn to consider the daily smoke designation for their area
b. Present on urban air quality efforts at annual meeting, September 13-16, 2011.
3. Education and outreach for park managers
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a. Presentation at association meeting, January 2012
I. When to burn for management goals (wildflower production)?
4. Education and outreach for producers
a. Goal: increase the number of producers who use the model and consider smoke
movement immediately prior to burning
i. “Are you aware of these resources...”
b. Promote Clenton Owensby’s research work: leave 20% unburned if possible,
don’t go back and burn patches if less than 30% of the total.
I. Written by Clenton and distributed 31 May 2011.
c. Include smoke management in prescribed burning workshops.

Other activities were identified as priorities and were implemented before the 2012 season.
These included the following:

1. Fire Management Practices pamphlet revisions and reprinting
a. Change KDHE logo
b. Add April Burning Restrictions information to the pamphlet

2. Website changes
a. Add Farm Service Agency (FSA) extended burn window regulation for CRP to
website

3. Revise FAQ sheets and improve or provide more clarifications if necessary.

4. E-mail Listserv modification
a. Include counties adjacent to targeted counties in all e-mails related to springtime
burning.

5. Address equipment issues with burning in March
a. Freezing at night
b. Work with agricultural engineers to get tip sheet for winterizing sprayers
c. Work with agricultural engineers for simple modification to pumps allowing fast
draining

For use during the 2012 burn season, modifications and improvements were made to the
BlueSky smoke modeling tool available on the SMP website, www.ksfire.org. These
modifications included the following:

Improve the Resolution of Burn Products

We previously developed a system that automatically runs the BlueSky Framework with the
HYSPLIT dispersion model at 21 hypothetical prescribed burn locations. This system produces
spatial maps of predicted downwind air quality impacts for a variety of burn sizes and fuel
loadings, maps of county-specific cumulative impact potential, and smoke dispersion maps for
individual counties. To improve the spatial resolution of the model products, we increased the
number of hypothetical prescribed burn locations from 21 to about 40. This will result in
estimates of cumulative and individual fire impact potential at a sub-county level. In addition, the
maps used to display cumulative and individual fire impact potential will be revised. The number
of fuel loading options will remain at three.
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Improve the SMP Website Model Section
We made the following changes to the Modeling Section of the Flint Hills Smoke Management
website to improve its design and functionality in preparation for operations in 2012:

1. Add several cities to the base maps on the Cumulative Fire Impacts page and the
Your Fire Impacts page.

2. Add a pollutant concentration legend to the base map.

3. Slow down the time lapse animations.

4. Change the modeled smoke plume colors to make them more visually apparent
against map background.

5. Apply smoothing to smoke plume contours.

6. Add a simple tool to allow stakeholders to select fuel loads based on three images of
different fuel loading amounts and associated text descriptions.

7. Allow a longer time period for viewing present day smoke forecasts before
transitioning to the next 24 and 48 hour forecasts.

KDHE and the SMP subcommittee will continue to hold these meetings after each burn season.

1.3 Summary of Approach

Several analysis methods were used to develop a weight of evidence to demonstrate
that the 8-hour ozone concentrations above 0.075 ppm in April 2011 meet the rules for data
exclusion as Exceptional Events. In summary, synoptic and local scale meteorological data,
including trajectory analysis, were used to assess whether conditions were favorable for
transport of smoke from the fires to the monitors that showed 8-hour ozone concentrations
above 0.075 ppm. The presence of smoke at the impacted monitors was evaluated with PMyy,
PM, s, and visibility data. The 8-hour ozone concentrations on the four smoke event days in
April 2011 were compared to concentrations observed in previous Aprils to assess whether the
8-hour ozone concentrations above the NAAQS in April 2011 were historically unusual. Two
analyses were used to investigate whether the 8-hour ozone concentrations above 0.075 ppm
would have occurred but for the smoke: (1) analysis of 0zone concentrations on days with
similar meteorological conditions but without smoke impacts and (2) analysis of results from
photochemical model simulations with and without fires. The estimated ozone contribution due
to fires from each method was subtracted from the observed 8-hour ozone concentrations. If
the result of that subtraction was less than 0.076 ppm, the analysis demonstrates that the
observed 8-hour ozone concentration in exceedance of the NAAQS would not have occurred.

1.4 Summary of Findings

This report demonstrates that
e the smoke events in question were not reasonably preventable (Section 2);

e there was a clear causal relationship between the fires and the 8-hour ozone
exceedances (Section 3);
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e 0zone concentrations during the event were in excess of historical norms (Section 4);
and

e the ozone exceedances would not have occurred but for the smoke from the fires
(Section 5).

Therefore, the findings strongly suggest that all of the 8-hour ozone concentrations
above 0.075 ppm in Kansas in April 2011 meet the rules for exclusion as Exceptional Events.
Brief synopses of the meteorological and air quality conditions on each smoke event day are
presented below.

April 6, 2011 Event

On April 6, 2011, about 248,358 acres were burning in the Flint Hills of Kansas. A cold
front moved across Kansas on April 6, with northerly surface winds behind the cold front, and
southerly winds ahead of the front (Figure 1-3). As the front moved through the Wichita area
around midday, northerly winds transported smoke from fires in the Flint Hills to the Wichita
Health Dept. and Peck monitors. Ahead of the front, southwesterly winds transported smoke
from fires in the southern Flint Hills to the Mine Creek monitor. Photochemical modeling and
matching day analyses provide evidence that, without the impact from fires, no 8-hour ozone
concentrations above 0.075 ppm would have occurred at the Mine Creek, Peck, or Wichita
Health Dept. monitors on April 6 (see Table 1-2). In addition, because no other unusual
emissions were identified on this day and because the estimated concentrations without the
fires were well below the NAAQS, it is very unlikely that other sources of ozone would have
caused this exceedance.
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@  Exceedance Monitors
° Fire Detects

Smoke Plumes

Figure 1-3. Summary of conditions on April 6, 2011. Black arrows denote transport of
smoke by winds; blue line denotes approximate location of cold front at noon on April 6.
Peak 8-hour ozone concentrations are in parentheses at the impacted monitors. Southerly
winds ahead of a cold front transported smoke to the Mine Creek monitor. Northerly winds
behind the front transported smoke to Wichita-area monitors. Photochemical modeling
showed that smoke enhanced the formation of ozone at the impacted monitors.

Table 1-2. 8-hour ozone concentrations on April 6, 2011, and estimated ozone
contributions due to smoke.

. 0.010to 0.062 to
Mine Creek 201070002 | 0.076 0014 0.066 Yes
0.020 to 0.053 to
Peck 201910002 | 0.082 0.029 0.062 Yes
Wichita 0.020 to 0.051 to
Health Dept, | 201730010 | 0.079 0.028 0.059 ves

April 12, 2011 Event

On April 12, 2011, about 298,243 acres were burning in the Flint Hills. Light to moderate
southerly winds in eastern Kansas on April 12 transported smoke from fires in the Flint Hills
region to the KNI-Topeka and Konza Prairie monitors (Figure 1-4). This wind pattern also
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transported smoke away from the Wichita area monitors in southern Kansas and the Mine
Creek monitor in eastern Kansas. Photochemical modeling and matching day analyses provide
evidence that, without the impact from fires, no 8-hour ozone concentrations above 0.075 ppm
would have occurred at the KNI-Topeka and Konza Prairie monitors on April 12 (see Table 1-3).
In addition, because no other unusual emissions were identified on this day and because the
estimated concentrations without the fires were well below the NAAQS, it is very unlikely that
other sources of ozone would have caused this exceedance.

@  Exceedance Monitors
° Fire Detects

Smoke Plumes

Figure 1-4. Summary of conditions on April 12, 2011. Light to moderate southerly winds
transported smoke to the KNI-Topeka and Konza Prairie monitors. Photochemical
modeling indicates that the smoke enhanced ozone formation at the impacted monitors.

Table 1-3. 8-hour ozone concentrations on April 12, 2011, and estimated ozone
contributions due to smoke.

KNI-Topeka | 201770013 | 0.084 8'852 to 0.056 10 0.059 | Yes
Konza Prairie | 201619991 | 0.078 8'8% to 0.059100.071 | Yes
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April 13, 2011 Event

On April 13, 2011, about 291,296 acres were burning in the Flint Hills. Light to moderate
southeasterly surface winds in eastern Kansas on April 13 transported smoke from fires in the
Flint Hills region to the Konza Prairie monitor (Figure 1-5). Unlike April 12, when smoke was
largely confined to the Flint Hills region, smoke on April 13 was observed over most of Kansas
and in portions of neighboring states. Some of this smoke was likely from fires that burned on
April 12. Photochemical modeling and matching day analyses provide evidence that, without
the impact from fires, no 8-hour ozone concentration over 0.075 ppm would have occurred at
the Konza Prairie monitor on April 13 (see Table 1-4). In addition, because no other unusual
emissions were identified on this day and because the estimated concentrations without the
fires were well below the NAAQS, it is very unlikely that other sources of ozone would have
caused this exceedance.

@  Exceedance Monitors
° Fire Detects

Smoke Plumes

Figure 1-5. Summary of conditions on April 13, 2011. Southeasterly winds transported
smoke to the Konza Prairie monitor, enhancing the formation of ozone.

Table 1-4. 8-hour ozone concentration on April 13, 2011 and estimated ozone
contribution due to smoke.
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Konza 0.018 to 0.049 to
Prairie 20U | Ebe 0.030 0.061 Je=

April 29, 2011 Event

Numerous large fire complexes in Texas and northeastern Mexico, some burning since
April 25, produced widespread smoke and haze across the southern Plains on April 29. Strong
southerly surface winds transported this smoke into southern Kansas (Figure 1-6). The Wichita
area monitors were closer to the smoke sources than the other Kansas monitors, and they were
therefore impacted by the smoke for a longer period of time on April 29 than the monitors further
north. Matching day analysis provided evidence that, without the impact from fires, no 8-hour
ozone concentrations over 0.075 ppm would have occurred at the Peck and Sedgwick monitors
on April 29 (Table 1-5). In addition, because no other unusual emissions were identified on this
day and because the estimated concentrations without the fires were well below the NAAQS, it
is very unlikely that other sources of ozone would have caused this exceedance. Also, due to
the strong winds and associated dispersion, it is very improbable that emissions from upwind
cities such as Oklahoma City would have caused this exceedance. This conclusion is
supported by the fact that model predictions of ozone concentrations that include anthropogenic
emissions from upwind cities were well below the NAAQS.

WA
@  Exceedance Monitors

° Fire Detects

Smoke Plumes

Figure 1-6. Summary of conditions on April 29, 2011. Strong southerly winds
transported smoke into the Wichita area, where the smoke enhanced ozone formation.
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Overview

Table 1-5. 8-hour ozone concentrations on April 29, 2011 and estimated ozone
contributions due to smoke.

Peck

201910002

0.077

0.017

0.060

Yes

Sedgwick

201730018

0.082

0.026

0.056

Yes
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2. Data Acquisition

Ozone concentrations in excess of the NAAQS normally occur with sunny skies, warm
air temperatures, stable atmospheric conditions, and light winds. Ozone concentrations may
also increase when there are unusual emissions of 0zone precursors such as volatile organic
compounds (VOCs) and nitrogen oxides (NO,). Wildland fires are known sources of these
ozone precursors. To analyze the specific conditions on the days when 8-hour ozone
concentrations above 0.075 ppm occurred in Kansas in April 2011, fire and smoke, air quality,
and meteorological data were first collected from a wide variety of sources (Table 2-1). These
sources were selected because of their high standards for data quality. Additional
meteorological parameters, such as vector average winds and daily maximum temperatures,
were calculated as necessary. Table 2-2 describes why these data are needed to understand
and explain the processes that influence ozone conditions.

Table 2-1. Data types and sources used in the Exceptional Events analysis.

Air Quality Data:

1-hour and 8-hour ozone | KDHE Kansas air quality March through May,
1-hour PMyq CASTNET? monitors 2006-2011
1-hour PM; 5
Surface meteorological National Weather | All available March through May,
data (METARP) Service (NWS) Kansas sites 2006-2011
Upper-air meteorological Wejpis £ [N March through May,
data (radiosonde) NWS (KTOP) Norman, 2006-2011
OK (KOUN)

Surface and upper-level NWS Nat_lonal and April 2011
weather maps regional
Visible and infrared . March through May,
satellite imagery NWS MU 2006-2011

: P
Daily MODIS" Visible SSEC! National April 2011
satellite imagery
Daily smoke and fire data | NOAA-HMS® National April 2011
Daily burn acreage KDHE

Flint Hills region April 2011

estimates SmartFire'

& Clean Air Status and Trends Network

b Meteorological Terminal Aviation Routine Weather Report

¢ Moderate Resolution Imaging Spectroradiometer

d Space Science and Engineering Center, University of Wisconsin-Madison

¢ National Oceanic and Atmospheric Administration’s Hazard Mapping System
" satellite Mapping Automated Reanalysis Tool for Fire Incident Reconciliation

Table 2-2. Description of processes that influence ozone levels.
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Surface temperature data were assessed to determine
whether temperatures were conducive to high ozone
levels. Warmer temperatures enhance ozone
formation.

Surface wind data were used to assess pollutant
dispersion. Light winds limit pollutant dispersion, and
limited pollutant dispersion normally results in higher
ozone levels.

Trajectory analysis was used to assess transport of
pollutants. Air parcels originating in or passing through
regions of higher pollution levels (e.g., smoke) indicate
potential transport of pollutants to downwind locations.
Soundings were used to assess atmospheric stability
(and inversions) and the likelihood that smoke emitted
from fires would remain in the lower levels of the
atmosphere as opposed to being mixed into aloft
layers. Confirming that the smoke would most likely
remain in the lower layers of the atmosphere also
provides guidance on which trajectory levels are
appropriate to assess smoke transport.

500 mb weather maps were used to determine the
locations of upper-level ridges and upper-level
Upper-level weather maps | troughs. Upper-level ridges are associated with
increased atmospheric stability, which reduces vertical
mixing and traps pollutants near the surface.

Surface weather maps were used to determine the
positions of high- and low-pressure systems and
frontal boundaries in relation to the impacted
monitors. These meteorological features are the
primary drivers of surface wind speed and direction,
and thus of pollutant dispersion and transport.
Satellite imagery was used to assess cloud cover at
the impacted monitors. Ozone formation is enhanced
in the presence of sunlight; thus, higher ozone levels
are normally associated with limited cloud cover.
Particle concentrations from air quality monitors and
visibility observations from airports were collected to
PMso, PM, 5, and visibility assess the presence of smoke at air quality monitors.
Smoke is known to cause elevated PM;, and PM, 5
concentrations and reductions in visibility.

Temperature

Surface wind speeds

Trajectories (HYSPLIT®)

Upper-air soundings

Surface weather maps

Satellite imagery

# Hybrid Single Particle Lagrangian Integrated Trajectory Model
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3. Not Reasonably Preventable/Unlikely to Recur

3.1 Flint Hills Ecosystem

Grasslands once covered much of middle North America, making up the continent’s
largest vegetative area. While significantly diminished following Euro-American settlement,
North America’s native prairies (short, mid and tall) still represent extensive areas of native plant
and animal communities. The eastern third of this vast grassland region is represented by
tallgrass prairie, a mosaic of distinct herbaceous-dominated communities. Tallgrass prairie is
characterized by higher rainfall than mid- and shortgrass prairies to the west and is represented
by a few dominant warm-season grasses and numerous herbaceous perennial forbs.

Climate, grazing, and fire, each operating at multiple scales, frequencies, and intensities,
were the primary ecological processes that shaped the tallgrass prairie ecosystem. Seasonal
precipitation and temperature patterns influenced the growth of vegetation, which in turn
affected the availability of fuels for burning and forage for grazing. Frequent fire, interacting with
grazing and climate, perpetuated a diverse vegetation mosaic across the prairie landscape.
Bison and elk, the principal historic herbivores, grazed preferentially on vegetation in burned
areas because of the greater productivity and nutritive quality of forage following fire. Their
transitory grazing patterns allowed the vegetation to recover from intermittent and sometimes
intensive grazing events. These grazing patterns further impacted the availability of fuel for fire
and, in turn, helped maintain the vegetation mosaic. People living on the landscape influenced
these patterns and played a large role in shaping the historic landscape prior to Euro-American
settlement.

Deep-rooted prairie plants created some of the most fertile soils in the world, making the
tallgrass region prime for agricultural development. Much of the historic tallgrass prairie was
converted to cropland in a single decade, as railroads and Land Acts provided economic
incentives. Tallgrass prairie once stretched across 170 million acres, from Canada to Texas
and Kansas to Kentucky. Today, only about 4% remains. Few places in the world have
experienced the extent of anthropogenic alteration documented in the tallgrass, making this
once expansive, complex ecosystem one of the most altered in North America in terms of acres
lost.

Still relatively unspoiled are the Flint Hills in eastern Kansas (Figure 3-1) and northeast
Oklahoma?®, an extensive, landscape expression of tallgrass prairie. Unlike the now-vanished
tallgrass prairies that once blanketed much of the American heartland, this prairie landscape of
gently-sloping limestone and chert hills remains today as the continent's last significant,
unfragmented expanse of tallgrass prairie. Roughly two-thirds of all tallgrass prairie in North
America is contained in the Flint Hills.

% The Osage Hills (in Osage County, Oklahoma) represent a southern extension of the Greater Flint Hills landscape.
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Figure 3-1. Kansas Flint Hills Ecosystem outlined in black. Source: 2004 Statewide
United States Department of Agriculture (USDA) National Agriculture Imagery Program
(NAIP).

The Flint Hills provide a unique ecosystem representation of tallgrass prairie.
Historically, bison served as a keystone species in maintaining biodiversity, but today cattle
serve as its surrogate. This large and intact area of tallgrass prairie is perhaps most important
to grassland nesting birds, including the greater prairie-chicken (Figure 3.2), upland sandpiper,
grasshopper sparrow, Henslow’s sparrow and other species of conservation concern. The Flint
Hills are also thought to provide an important north-south grassland corridor for migrating birds,
such as the American golden plover, buff breasted sandpiper and Sprague's pipit. Because of
their scale, the Flint Hills harbor one of the continent’s largest populations of greater prairie-
chickens.

Once believed relatively stable, populations of prairie-chickens in the Flint Hills have
declined significantly since the 1980s. Part of the decline is linked to habitat fragmentation from
tree encroachment and other habitat intrusions, but is also associated with a lack of residual
vegetation for nesting. Fire and grazing are not in themselves detrimental to grassland bird
reproduction, and in fact are essential ecological processes; but a decline in reproductive
success may occur when the two are combined with high frequency. Henslow's sparrow
(Figure 3-2), which requires areas of ungrazed or lightly grazed prairie with at least one year's
accumulation of residual vegetation, has also experienced population declines. On the other
hand, annually burned pastures provide nesting habitat for species that utilize or even prefer
short stature vegetation, such as upland sandpiper (Figure 3.2), horned lark, and grasshopper
sparrow. Burned pastures also provide year-long foraging habitat for grassland birds, winter
cover, and the landscape context needed for area sensitive species like prairie chickens.
Spring migrants like American golden plovers and buff-breasted sandpipers also seek out
burned pastures as foraging areas in the spring.

3-2



Kansas Exceptional Events Not Reasonably Preventable/Unlikely to Recur

Figure 3-2. Left: Male Greater Prairie Chickens, Lyon County. Middle: Henslow’s
sparrow. Right: Upland Sandpiper.

The U.S. Fish & Wildlife Service and The Nature Conservancy have both identified the
Flint Hills as a priority conservation action site. Likewise, the Kansas Natural Heritage Inventory
rates the Flint Hills as the state’s No. 1 landscape conservation priority, and the World Wildlife
Fund recognizes the landscape as “one of only six grasslands in the contiguous U.S. that is
globally outstanding for biological distinctiveness." In 2001, The Nature Conservancy launched
its Flint Hills Initiative, a community-based conservation initiative, to employ multiple strategies
to help preserve the biological integrity of the region. The Nature Conservancy also has an
impressive portfolio of conservation landholdings in the Flint Hills totaling more than 60,000
acres. These include Konza Prairie, which is operated as a field research station by the
Division of Biology at Kansas State University, and the Tallgrass Prairie National Preserve, a
unit of the National Park Service. The Nature Conservancy, Kansas Land Trust, Ranchland
Trust of Kansas and USDA’s Natural Resources Conservation Service (NRCS) also hold more
than 60,000 acres of conservation easements in the Flint Hills. Since 2004, these entities have
invested more than $12 million in land conservation in the Kansas Flint Hills.

3.2 Unlikely to Recur

Since Euro-American settlement, fire has largely been suppressed in North American
grasslands, contributing to range degradation due to woody encroachment. One exception is
the extensive use of fire as a management tool by ranchers in the Flint Hills of Kansas and
Osage Hills of Oklahoma. Residents here typically view fire as a necessary rangeland practice,
whereas outside the region, the general attitude toward fire is often less favorable. Cattlemen
recognized early on that burning Flint Hills pastures benefited the condition of their pastures and
cattle weight gains. In the years following settlement, a significant portion of the Flint Hills
(Figure 3-3) were burned on a frequent basis despite academic warnings against the practice,
particularly in large pastures grazed by transient cattle. In the 1970s, range scientists began to
promote the agricultural and ecological benefits of burning tallgrass prairie. Today, range
burning is widely prescribed by range specialists and ecologists alike as a management tool
necessary to maintain the ecological integrity of tallgrass prairie. However, the cyclic
scheduling of burns varies according to the objective of management practices.
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Figure 3-3. Map of Flint Hills counties.

Fire is well documented as a key ecological driver in grassland communities and is
(Figure 3-4) particularly important in grasslands that receive high precipitation to counter woody
encroachment. Lightning-caused fires presumably drove the region’s early beginnings as a
fire/herbivore-driven plant community. Fire frequency is believed to have increased dramatically
as humans gained more of a presence. In fact, Native American burning may have been the
dominant ecological force for the past 10,000 years. This increased use of fire is believed to
have resulted in an eastward expansion of the tallgrass region.

Tallgrass prairie requires fire on a relatively frequent basis to prevent the encroachment
of woody species and maintain the integrity of plant communities. Estimates of pre-1840 fire
occurrence rates in tallgrass prairie vary from an annual regime (Edwin et al., 1966), 2 to 5
times per decade (Hulbert, 1973) and every 5 to 10 years (Wright and Bailey, 1982). Cutter and
Guyette (1994) estimated a 2.8-year fire interval for a Missouri Savanna, while Bragg and
Hulbert (1976) found evidence of a 3 to 5 year pre-settlement burn interval for Nebraska and
Kansas tallgrass prairies. Given the historic extent of tallgrass prairie and assuming a 3-5 year
historic fire-return interval, 30 to 60 million acres of tallgrass prairie would have burned on
average each year.

Fire frequency varies widely depending on the type of livestock operation (e.g., cow-calf,
season-long yearlings, and short season stockers), but burning constraints, fire culture, and
historic land use also play into the frequency of fire.
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Figure 3-4. Prescribed fire in Wabaunsee County.

One of the strongest motivators for land managers to burn is to improve daily weight
gains in stocker cattle, which are commonly 10 to 15% higher in spring-burned pastures
(Vermeir and Bidwell, 1998). While there is less animal performance benefit from burning
pastures stocked by cow-calf herds, many land managers burn such pastures on a three-year
fire-return interval to control woody plants and other undesirable species. However, tree-
infested pastures may require a higher fire-return interval (Vinton, 1993). Land managed for
conservation (e.g., Nature Conservancy preserves) is also regularly burned to control woody
vegetation and to enhance wildlife habitat. The frequency of burning varies with management
practices but generally ranges from every two to three years.

Historically, humid tallgrass prairies are thought to have burned primarily during the
dormant season, particularly in autumn by Native Americans, but lightning-caused fires were
more common in mid- to late summer. Contemporary pasture burning in the Flint Hills generally
occurs in late March through early May, but early Flint Hills ranchers often burned even earlier
to stimulate “green-up.” Towne and Owensby (1984) reported that burning of ungrazed prairie
in late-spring increased grass production and favored desirable warm season grasses, whereas
winter and early- and mid-spring burns favored forbs and sedges.

There is a perception that most of the Flint Hills are intensively grazed and burned each
year, but satellite imagery and Kansas Agriculture Statistics suggest these practices do not
extend across the entire landscape. An analysis of satellite imagery from 2000 through 2012
indicates that about 1.67 million acres burned on average (range of 1.3 to 2 million acres) within
13 Flint Hills core counties. This translates to 35% of total prairie acres burned, based on a 4.8
million acreage estimate within the core counties. Figure 3-5 shows the annual percent of total
grassland burned across the core Flint Hills counties and Figures 3-6 and 3-7 show examples
of percent of grassland burned by individual counties. It should be noted that the grasslands that
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are burnt annually extend into three counties of Oklahoma and several peripheral counties
surrounding these core counties. Significant burning can and does occur in these counties,
especially the three counties of Oklahoma (Osage, Nowata, and Washington).
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Figure 3-3. Percentage of Flint Hills grassland burned annually, 2000-2012.

100%
90%
80%
70%
60%
50%
40%
30%
20%

10%
o Lt U P B P B P P

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Figure 3-4. Percentage of grassland burned in Chase County annually, 2000-2012.
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Figure 3-5. Percentage of grassland burned in Greenwood County annually, 2000-2012.

In addition, satellite imagery also revealed that certain areas of the Flint Hills, particularly
the more intact areas of the landscape, were burned on a more frequent basis. However, even
those areas identified as “dark red” in Figure 3-8, which were burned every year over the 11-
year period of 2000-2010, only made up a very small percentage of the total number of burnable
acres in the Flint Hills. In fact, one can see that the vast majority of acres were either not
burned (white) or only burned once (dark blue) in this 11-year time frame. As shown in Table 3-
1, of all grassland burned at least once in the Flint Hills region between 2000 and 2010, only 1%
was burned in all 11 years of the study while 15% was burned in only one year.*

* Mohler, R. and D. Goodin. 2012. Mapping Flint Hills burning in Kansas and Oklahoma, USA, 2000-2010. Great
Plains Research 22(1):15-26.
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Figure 3-6. Flint Hills burn frequency, 2000-2010.

3-8



Kansas Exceptional Events Not Reasonably Preventable/Unlikely to Recur

Table 3-1. Cumulative burning statistics for 2000-2010.

1 1,037,195 15
2 857,532 12
3 754,212 11
4 643,353 9
5 565,639 8
6 501,161 7
7 425,036 6
8 380,141 6
9 296,311 4
10 151,228 2
11 60,340 1

A paradigm to enhance heterogeneity in order to promote biological diversity and wildlife
habitat on rangelands was proposed by Fuhlendorf and Engle (2001). One management
practice used to enhance heterogeneity is patch-burn grazing (PBG). This fire-induced grazing
regime is designed to approximate the natural interaction between fire and grazers. Typically,
one-third of a PBG pasture is burned each year on a rotational basis. When only a portion of a
pasture is burned, livestock focus most of their grazing in the burned patches. The result is an
accumulation of vegetation in unburned areas, creating wildlife habitat and fuels for fires in
subsequent years. The interaction of these disturbances produces a shifting mosaic of
vegetative structure. PBG has been suggested as a way to reduce smoke emissions in the Flint
Hills. One study (Rensink, 2009) indicates that less biomass would be consumed annually by
fire when a pasture was managed with patch burning compared to the entire pasture being
burnt annually. However, its effectiveness for smoke reductions remains an open question.
Even though only one-third of a pasture is burned each year under PBG management, two
years of growth with minimal grazing is also being consumed in the burned patch. It is also
important to recognize that some pastures in the Flint Hills may not be well suited to PBG
because of the difficulty of maintaining fire breaks, and that the practice may require additional
resources (fire equipment and manpower) to implement. PBG is also viewed by some as
experimental, and may require additional research before it becomes a widely accepted
practice.

Debate will continue regarding when and how often to burn tallgrass prairie; however,
there is wide scientific consensus supporting the need for prescribed fire in native grasslands.
One of the greatest threats to the tallgrass region is forestation due to fire suppression. Eastern
red cedar, a species readily controlled with fire when trees are small, is rapidly increasing in
coverage in Kansas, especially in the eastern half of Kansas. Red cedar and other invasive
plant species targeted with herbicides can be managed more economically and with fewer
ecologically impacts using prescribed fire.
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Until only recently, certain areas of the Flint Hills, especially along the eastern and
western flanks of the Flint Hills (e.g., southeastern Greenwood County), lacked a fire culture and
seldom burned. As a result, many of these areas experienced heavy encroachment by woody
vegetation, and are no longer able to support interior grassland species like greater prairie-
chickens. At Konza Prairie, annual burning was the only fire treatment that reduced woody
plant density, with rapid increases in woody encroachment for longer (24-year) fire-return
intervals. Therefore, pastures with a high density of woody vegetation may need higher fire
frequency than is currently practiced to reverse years of fire suppression. Annual burning may
be less warranted in areas of the Flint Hills where woody vegetation is not a significant problem.
Conversely, areas not receiving enough fire to keep ahead of woody encroachment may require
burning consecutive years to reverse this trend. In the Flint Hills of Kansas, prescribed fire is
used by management actions to meet specific resource objectives that are designed to preserve
and restore the essential ecological processes of fire. Fire frequency may vary depending on
the natural resource objective to be met, depending on the degree of preservation, restoration,
invasive species (pest) control, or reducing the risk of damaging wildfires. The Kansas Flint Hills
is a unigue ecosystem that is highly dependent on a frequent fire return interval to maintain and
sustain the native species composition of the tall grass prairie.

The fire return interval of the Flint Hills landscape must remain frequent to mimic fire
under natural conditions and support the continuation of the wildland prairie ecosystem.
Research shows that historically, the natural fluctuation of fire (i.e. the natural fire return interval)
of a tall grass ecosystem averaged every 2- 5 years. Data show that on average, prescribed fire
is applied to approximately 1/3 of the tall grass prairie every year. While some lands within this
vast ecosystem may burn almost every year others may burn every 5 years or less, depending
on a number of uncontrollable variables such as precipitation, temperature and flora growth.
However, one can use these average numbers to make two general interpretations, (1)
prescribed fire is used roughly once every 3 years in the Flint Hills and (2) this fire frequency
mimics the natural fire return interval for this ecosystem dating back hundreds of years. In fact,
through research and practice, it has been proven that lower frequencies of burning will lead to
a loss of the ecosystem in only a matter of a few burn cycles.

This evaluation demonstrates that the likelihood of prescribed fire recurrence is within
the range of the natural fire return interval established historically for the tall grass prairie
ecosystem and thus meets the “unlikely to recur at a particular location” requirement of the
statutory language.

3.3 Alternative Management Practices

In order to preserve the remaining tallgrass prairie in the Flint Hills, it is imperative that
invasive species be controlled. The primary invasive species of concern in this region include
trees (osage orange, eastern red cedar, honey locust), brush (sumac, buckbrush) and plants
(sericea lespedeza). To control these invasive species, farmers or ranchers often use chemical,
mechanical, and/or burning-based methods to stop the intrusion of these invasive species.
These methods are used in combination depending on the size of the acreage being managed.
The following is a detailed discussion of each of these methods and the costs associated with
implementing them.
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3.3.1 Chemical Treatment

Chemical treatment refers to the application of specific chemicals that can eliminate
various invasive species. Triclopyr, Metsulfuron, Picloram, Fluroxypry, and 2,4-D are common
chemicals used for the invasive species listed above. These chemicals, individually or in
mixtures, can be applied to an area by spraying each individual invasive species of interest with
a handheld sprayer, using a vehicle with an attached tank that sprays chemical solution at a
specific rate, or by an airplane that can spray a chemical solution as it flies over a field
containing these invasive species. How often a field is treated depends on how difficult it is to
control the invasive species and how prevalent they are within an area.

The costs of each of chemical treatment methods can vary greatly, with the primary
influences being labor and the chemicals used. Using a handheld sprayer is not a practical
method for large fields or for larger trees. Custom work using a vehicle with an attached
sprayer costs from $5 to $9 per acre, depending on the difficulty of the terrain. Aerial
application of herbicides costs from $7 to $9 per acre depending on the distance to the field to
be treated from the airport. Adding in the cost of the chemicals used for treatment can increase
the costs substantially with total chemical treatment costs ranging from $20 to $90 per acre to
spray for combinations of invasive species, without considering the costs needed to eliminate
eastern red cedars.

In addition to labor and chemical costs, it is important to recognize the advantages and
disadvantages associated with using chemical treatments to rid an area of various invasive
species. Chemical treatments can attack multiple invasive species with one application and are
effective against new and small invasive plants. However, complete removal of dead invasive
species may require additional methods and labor, different soil types require different amounts
of chemicals to be effective, and the application of chemicals for individual trees is not practical
for large fields with numerous trees. Any form of chemical treatment also includes the risk of
impacts on non-target species as well as possible impacts on surface and ground water.

3.3.2 Mechanical Removal

Mechanical removal methods involve using tools to physically remove the invasive
species from a given area. Tools used for this process can vary from a simple handsaw, to a
small skid-steer, to multiple bulldozers dragging chains over a large field. Mechanical removal
methods are primarily used to control the eastern red cedar trees in the Flint Hills; thus, this
section will only focus on removal costs for this species. Tree growth is dependent on the type
of tree and how much moisture the tree receives, but it is recommended that these trees be
controlled before they reach three feet tall, which can happen within a matter of a few years.

The Oklahoma Cooperative Extension Service recently performed a study on eastern
red cedar removals in the state of Oklahoma and included mechanical costs for this process.
The study concluded that for fields larger than 640 acres, which are common throughout the
Flint Hills, prescribed burning methods were recommended for small and moderates sized cedar
trees with no alternative mechanical methods listed. For fields smaller than 640 acres,
mechanical removal costs were in the same price range as those for chemical treatment
depending on the method used.
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Mechanical methods are generally the only option available for larger trees and are good
at reducing seed production. That being said, mechanical methods use large equipment for
removals that can cause severe damage to an area (both physically and ecologically), are not
suitable for steep slopes or rocky terrain, must be done repeatedly to exhaust the seed bank in
the solil, can require additional steps to remove the downed trees (such as prescribed burning),
and sometimes requires chemical treatments to completely kill species such as osage orange
and honey locust.

3.3.3 Prescribed Burning

Because the tallgrass prairie area provides natural fuel necessary for fires when
moderately dry, burning is another method that can provide a means of eliminating invasive
species. When weather conditions are prime (i.e., not overly windy nor wet), a fire is started in a
location such that the path of the prescribed burning is optimized by the wind direction, which
helps the fire spread through an entire field until the fire either runs out of fuel/tallgrass prairie or
is manually extinguished. When a prescribed fire occurs in a relatively large area, a larger work
crew is needed to monitor this event. Typically a crew monitoring a prescribed fire uses all-
terrain or utility vehicles to follow the path of a fire with a pumping system that can extinguish a
fire if it gets out of hand. Custom burning prices can vary from $6 per acre for a relatively flat,
large pasture to upwards of $20 per acre for complex, small fields.

Beyond cost estimates for prescribed burning, there are several pros and cons
associated with this method. Prescribed burning is cost effective, preserves the natural
ecosystem that has adapted to regular pasture burnings, improves access to an area, reduces
hazardous fuel levels that could feed intense fires if continually accumulated, and improves
wildlife and livestock habitat by replenishing nutrients in the soil. Prescribed fires may not
completely remove large trees from a field, and can raise safety concerns with a fire intruding on
other people’s property or roads.

3.4 Conclusions

Controlling invasive species that were historically controlled by wildfires or prescribed
fires set by Native Americans is critical to preserving the tall grass prairie ecosystem. Although
chemical and physical control methods exist, they tend not to be practical for the large acreages
involved and they are more expensive per acre. In addition to this, chemical and mechanical
methods are often used concurrently with each other, thus increasing the cost and labor even
more. Chemical and mechanical methods also cause more harm to the ecosystem than burning.
Burning does a much better job of maintaining the ecosystem in its historical state then physical
or chemical control methods. Prairie fires have been happening for centuries in the Flint Hills,
and the local ecosystem has adapted to this regimen.

In summary,

e to maintain and preserve the ecological integrity of tallgrass prairie, prescribed fire is a
necessary management tool. Both plant and animal species depend on the positive
effects of burning. Failure to regularly burn the Flint Hills will result in increasing losses
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of what remains of this last landscape of tallgrass prairie and will quickly turn the Flint
Hills area into a Cedar forest.

e Present fire frequencies in the Flint Hills are consistent with the historic natural fire return
interval.

e prescribed fires can often be planned and executed in a way that minimizes downwind
impacts as compared to fires that might otherwise occur naturally or accidentally.

e prescribed fires can often be planned and executed in a way that prevents catastrophic
property damage or health impacts that might otherwise occur with uncontrolled fires.

e many of these fire-dependent ecosystems cannot maintain or sustain natural species
composition without fire.

e controlled burning reduces fuel loads and encroachment of woody vegetation.

o fire is a likely eventual outcome in these ecosystems; suppressing such fires may
ultimately lead to catastrophic wildfires in areas where eastern red cedars occur on the
perimeter of cities such as Manhattan, Topeka and Emporia.
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4. Causal Relationship

4.1 Summary of Results

This section demonstrates a causal relationship between the smoke due to local and
regional fires and the 8-hour ozone concentrations above 0.075 ppm that occurred in Kansas on
April 6, 12, 13, and 29, 2011. In particular, this section provides evidence that (1) smoke from
biomass burning can enhance the formation of ozone; (2) smoke from Flint Hills and other
regional fires was transported to the impacted monitors on the days when 8-hour ozone
concentrations were above 0.075 ppm; and (3) the smoke enhanced ozone formation at specific
monitors, resulting in 8-hour ozone concentrations above 0.075 ppm. This evidence includes
discussion of fire locations, meteorological conditions, satellite observations of smoke, smoke
transport, and air quality data on the four days when 8-hour ozone concentrations were above
0.075 ppm.

Meteorological and air quality data suggest that the 8-hour ozone concentration(s)
exceeding the NAAQS in Kansas were very likely caused by

e smoke from fires in the Flint Hills on April 6, 12, and 13, 2011 (based on fire locations
relative to the impacted monitors, wind patterns favorable for transport of smoke to the
impacted monitors, and reduced visibilities with smoke and/or haze reported in the
vicinity of the impacted monitors); and

e smoke from fires in Texas and Mexico on April 29, 2011 (based on wind patterns
favorable for long-range transport of smoke to the impacted monitors).

4.2 Literature Review Providing Evidence that Biomass Burning Can
Result in Elevated Ozone Levels

To establish a relationship between smoke from biomass burning and ozone
enhancement, relevant scientific articles from peer-reviewed journals were collected and
reviewed. The articles depicted a complex relationship between biomass burning and ozone
formation and indicated several cases in which ozone concentrations exceeding the NAAQS
were attributable to smoke from biomass burning.

Smoke from biomass burning contains a number of constituents, including ozone
precursors such as nitrogen oxides (NO,) and non-methane hydrocarbons (NMHCs) (McKeen
et al., 2002; Jaffe et al., 2008). Previous observational studies have shown that smoke from
biomass burning can enhance the formation of ozone under a variety of conditions (e.g., Hobbs
et al., 2003; Junquera et al., 2005; Pfister et al., 2006). Ozone enhancement due to biomass
burning is highly variable and depends on a number of factors, including fuel type, combustion
efficiency, and available solar radiation (Jaffe and Wigder, 2012). In addition, ozone
enhancement associated with biomass burning can take place both immediately downwind of a
fire and after long-range smoke transport. Junquera et al. (2005) found ozone enhancements of
up to 60 ppb within 10 km of fires in eastern Texas. Using ozonesondes, Morris et al. (2006)
found a 25-100 ppb increase in aloft ozone concentrations over Texas due to long-range
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transport of smoke from wildfires in Canada and Alaska. In the analysis of a November 2009
smoke plume in California, Akagi et al. (2012) found that “despite occurring approximately one
month before the winter solstice, the plume was photochemically active and significant amounts
of ozone formed within a few hours”, demonstrating that ozone enhancement due to smoke can
take place in the cool season when ozone concentrations are typically lower. Conversely, in
some cases, ozone concentrations were shown to be suppressed near wildfires, possibly
because of thick smoke obstructing incoming UV radiation and/or titration of ozone due to high
NOy concentrations in the smoke plume (Bytnerowicz et al., 2010; Stith et al., 1981).

Previous studies have also shown that fires contributed to exceedances of the